INTRODUCTION
Obstructive sleep apnoea (OSA) affects a significant proportion of the population. It increases the risk of cardiovascular and cerebrovascular morbidity and mortality in the adult population. Most studies have focused on adult OSA with respect to the deleterious effects on patients' social function, employment and quality of life. However, recent studies suggest that OSA is not benign in children either. It is relatively common in children, in whom it is associated with overweight, 1 2 craniofacial abnormalities, 3 neurological 4 and otolaryngeal diseases. OSA is associated with cardiovascular changes, including ECG and blood pressure (BP) changes, 5 excessive daytime sleepiness, 6 7 cognitive impairment, 8 9 behavioural changes, 10 school and educational problems 9 11 and reduced quality of life. 12 Although these issues were identified many years ago, OSA is still underdiagnosed in children. 13 Furthermore, there are almost no studies comparing morbidity before and after a diagnosis of OSA and mortality due to OSA in children with control child subjects.
In Denmark it is possible to evaluate the general disease pattern of all patients with specific diagnoses from hospitals and clinics in the primary and secondary care sectors by interrogating a central database, the National Patient Registry (NPR). We used the NPR to evaluate morbidity before an OSA diagnosis. In a previous study we used the NPR to address the socioeconomic consequences of OSA. 14 The aim of this study was to identify patients' health and diseases before and after a diagnosis of OSA.
METHODS Subjects
In Denmark all hospital inpatient and outpatient contacts are obliged to be recorded in the NPR. The information supplied to the NPR includes administrative information (eg, time of contact) and information about all primary and secondary
Key messages
What is the key question?
▸ What are the morbidities and mortalities in children with a diagnosis of obstructive sleep apnoea?
What is the bottom line?
▸ Children with obstructive sleep apnoea have significant morbidities before and after diagnosis, and their 5-year death rates are generally higher than those of control subjects.
Why read on?
▸ This study describes serious morbidity and increased mortality in children diagnosed with obstructive sleep apnoea. Closer attention should be paid to high-risk children. Using the NPR, we identified all patients who were diagnosed with OSA between 1997 and 2009. For the OSA diagnoses we used the International Classification of Diseases (ICD-9) in Denmark; these codes are given after patient evaluation in each hospital (based on PSG/polygraphy). Using data from Denmark's Civil Registration System Statistics, we then randomly selected citizens of the same age and gender who did not have a diagnosis of sleep-disordered breathing including snoring, OSA or hypoventilation. We attempted to match patients for socioeconomic status (SES) by selecting control subjects from the same locality (typically 30-100 000 inhabitants) where each patient lived. The ratio of control subjects to patients was 4:1 in order to reduce variation among controls. Data from patients and matched control subjects who could not be identified in the Coherent Social Statistics database were excluded from the sample. All observations in the two groups were successfully matched.
The patients and matched control subjects were followed from the year of diagnosis until 2009. We also controlled for parental education and income level. Adjusting for parental social factors may be relevant for children but causes problems when comparing with OSA in adults. In choosing a control group it is difficult to decide the extent to which morbidities should be excluded and whether to control for SES status. Certain diseases are associated with low SES (eg, obesity) or cause social deviation (eg, narcolepsy). We chose to use the same selection of controls in childhood as in adult OSA to facilitate their comparison. We noted a bimodal age distribution of patients with a minimum age of 20 in the NPR, so we decided to include patients aged 0-19 years in the study.
Evaluation of morbidity before a diagnosis of OSA
Information from the period before OSA diagnosis was extracted from the database for the years 1997-2009. Morbidity data were extracted as primary and secondary diagnoses and subdivided into major disease groups in accordance with WHO ICD-10 criteria. ORs and 95% CIs were calculated for the main diagnoses. We performed subgroup analyses of the major diagnostic groups which showed significant differences to identify the most common diagnosis in each category that was associated with a diagnosis of OSA. We only report all-cause mortality rates because these often refer to the obvious cause of death (eg, pneumonia), which tends to underestimate the underlying mechanism, and because the relatively small number of child deaths means that any subgroups would be too small to detect statistically significant differences of the magnitude we might reasonably expect. We used a limit of comorbid disease occurrence of more than 1% to select diseases, and then calculated the OR for each of them.
Statistical analysis
Data were analysed by conditional logit modelling using SAS V.9.1.3 (SAS, Cary, North Carolina, USA). The dependent variable was the binary variable for case-control groups and the independent variables were those of the 21 diagnosis groups, omitting the group with no diagnosis 3 years before the diagnosis. The second analysis included dummy variables for ICD-10 diagnoses in which the incidence was >1% in the case or control group. ICD-10 diagnostic groups with an incidence of <1% were combined in the main diagnosis groups. Only estimates for the ICD-10 diagnoses are reported from the second analysis, although the dummies for the main groups (including the remaining diagnosis) were included in the regression.
A patient could appear in more than one diagnosis group or have several ICD-10 diagnoses during the 3 years before or after diagnosis.
Not all patients had a full 3 year observation period before their diagnosis, so for the second and third years at the beginning of the period considered, patients' data were only available for 1 or 2 years, respectively. However, since this was also the case for the control group, we have included these shorter periods in the analysis.
The results are presented as ORs with 95% CIs and associated p values. Extreme values were manually validated and no errors were identified. Cumulative incidence functions were estimated and are shown in figure 2. HRs were estimated using the Cox proportional hazard model. Two rates were estimated, the first in which no additional explanatory variables were included and, in the second, the explanatory variables were controlled for gender to determine whether there was any difference in mortality between males and females. The HR reflects the hazard of a patient dying compared with a control person dying.
RESULTS
We identified 2998 patients with OSA and 11 974 control subjects. As expected, most of the patients with an initial diagnosis of OSA were middle-aged; one-quarter were women and approximately one-tenth were children or adolescents. The age distribution of the patients aged 0-19 years is shown in figure 1.
Morbidity before and after a diagnosis of OSA Morbidities by percentage incidence and OR (with 95% CI) are shown for the main diagnostic groups before a diagnosis of OSA and for diagnoses that occurred in >1% of patients with OSA ( 
Mortality
The 12-year death rates are shown in figure 2 and the number of individuals at risk are shown in table 3. The 5-year death rate was 70 per 10 000 for patients and 11 per 10 000 for controls. The HR for cases compared with controls was 6.58 (95% CI 3.39 to 12.79, p<0.001). Controlling for gender did not change the HR and the regression coefficient for gender was not statistically significant.
DISCUSSION
Our study shows that children diagnosed with OSA experienced a wide range of morbidities before their diagnosis. These included risk associations with upper airway abnormalities, upper airway infections, neurological, respiratory, gastrointestinal diseases and congenital malformations. After diagnosis the patients showed a greater incidence of a wide range of diseases including endocrine, nutritional and metabolic diseases; nervous, eye and ENT disorders; respiratory system diseases (upper airway problems and infections, asthma); and musculoskeletal problems. Mortality was higher in children with OSA than in controls. Our study did not consider whether this was related to the consequences of OSA or of comorbid diseases.
In adults, healthcare use and morbidity may be affected more than 8 years before a diagnosis of OSA.
14 This period is inevitably shorter for younger children and is likely to be shorter for older children. Our study shows that premorbid conditions affect children at least 3 years before diagnosis. Although OSA is common in children, it is often underdiagnosed and therefore untreated. 15 OSA is often first diagnosed when a child's function is affected, but specific data regarding the extent, severity and consequences are sparse. OSA in patients of normal weight with adenotonsils/hypertrophic tonsils is common and they often recover after appropriate surgery, with improvements in symptoms, better daytime and cognitive function, certain biomarkers, lower incidence of cardiac abnormalities and reduced healthcare use. 16 17 This is much less often the case for overweight children, however. 18 Relatively little is known about the effect of treatment with continuous positive airway pressure (CPAP) in children, the information we have being based on case series. [19] [20] [21] The evaluation of the effect of CPAP in children is limited by its use in patients with special needs such as cerebral palsy or other neurological, muscular and genetic disorders.
22-24
Figure 1 Diagnosis of obstructive sleep apnoea by age and gender. Figure 2 Mortality estimated as cumulative incidence in children with a diagnosis of sleep apnoea compared with controls. The current study of children and adolescents up to 19 years of age was done to evaluate potential known and unidentified comorbidities in OSA, and showed that many known risks are associated with a later diagnosis of OSA (eg, upper airway abnormalities, asthma and neurological problems). However, other formerly unrecognised diseases seem to be more closely associated with a later diagnosis of OSA in children (eg, selected infections, gastrointestinal, skin and musculoskeletal diseases, and clinical evaluation for a number of health-related problems). This implies that OSA not only exists in children evaluated for adenotonsillectomy. It is likely that certain health-related problems coexist or are associated with one another (eg, obesity, congenital malformations, neurological disease and diabetes), but our study shows that children and teenagers with OSA have more contact with the healthcare system for a wide range of health-related issues before and after their OSA diagnosis, which supports the findings of former studies. 25 This could in part be due to obesity in these patients, probably due to underregistration of overweight in children. It has been claimed that attention deficit hyperactivity disorder is associated with OSA in case series, although carefully controlled trials have failed to find evidence of this. 26 This is underlined by our finding that there was no greater incidence of psychiatric disease either before or after an OSA diagnosis.
There are a number of limitations to this study. First, it is based on clinical and hospital reports supplied to the NPR. The diagnostic accuracy depends on the institution's presentation and reporting of the diagnosis and the comorbidities. Confounder variables (eg, BMI) were not recorded, and symptoms and the results of clinical evaluations (eg, PSG and cardiac evaluations) were not considered. PSG is not performed in all subjects as there is tendency to overdiagnose OSA in the childhood population. For these reasons, we cannot relate the findings to OSA. Second, we excluded sleep disordered breathing among controls by diagnosis but not by nocturnal measures; OSA/heavy snoring would be expected in 0.7-4.3% of children. 27 Analysing subgrouped diseases incurs a risk of type 1 error. However, the strength of the study is that it considers data from a national database that includes all identified patients that is time-locked (all reports must be associated with the patient contacts) and covers a substantial follow-up period. Obesity and probably OSA often tend to occur disproportionately in lower socioeconomic groups. We adjusted for SES in our selection of the controls. Furthermore, we randomly chose controls without a diagnosis of sleep disordered breathing (snoring, sleep apnoea, hypoventilation), although they may suffer from other diseases. As a consequence of these factors, our method is conservative and the real differences between the groups are likely to be larger than reported here.
To ameliorate the consequences of OSA, a number of issues should be considered: increased diagnostic capacity; improved treatment and management facilities; the identification of highrisk groups for screening procedures; and general interventions for high-risk groups (eg, obesity) in children. Furthermore, despite the limited effect of adenotonsillectomy, there is only limited postoperative screening of high-risk groups. There is a need to reinforce our knowledge of the long-term effects of OSA in children and to evaluate the effects of interventions, including those on secondary health problems. Consequently, a better diagnostic capacity and treatment facilities for the paediatric population are required. The prediagnostic probability may be improved using information gleaned from questionnaires, although this also carries a risk of overlooking high-risk individuals. The current study suggests that OSA is more likely to occur with certain disorders (eg, upper airway infections and structural abnormalities, and respiratory/neurological diseases) in which OSA should be considered. OSA in obese children should also be taken into account. A number of children with a diagnosis of OSA have undergone adenotonsillectomy. In the future, evaluation of the population should include a subgroup analysis of treatment interventions.
In summary, our study shows that children and teenagers have a wide range of morbidities at least 3 years before and after a diagnosis of OSA, and that mortality is higher in paediatric OSA than in controls. 
